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Broadband spectrum of AGN consists of multiple components such as jet emission and accretion disk emission. 
Temporal correlation study is useful to understand emission components and their physical origins. We have 
performed optical monitoring using Kanata telescope for 4 radio galaxies and 6 radio-loud Narrow-Line Seyfert 
1 (RL-NLSyl): 2 gamma-ray-loud RL-NLSyls, IH 0323+342 and PMN J0948+0022, and 4 gamma-ray-quiet 
RL-NLSyls. From these results, it is suggested that RL-NLSyls show a disk-dominant phase and a jet-dominant 
phase in the optical band, but it is not well correlated with brightness. 


1. Introduction 


Active Galactic Nucleus (AGNs) emit electromag¬ 
netic radiation from radio up to TeV gamma-ray 
ranges. Spectral Energy Distribution (SED) of blazars 
is often dominanted by 2 component, synchrotron 
emission and Inverse Gompton from a relativistic 
jet. However, SED of misaligned radio-loud AGNs 
is complicated due to disk/corona emission. In 
addition to the above two components, we can see 
disk emission from near-infrared to ultraviolet bands 
and corona emission in X-ray band. Because it 
is difficult to separate these components, optical 
emission mechanism is still unclear. 

Radio galaxy is radio-loud AGN which has a relative 
large viewing angle. Thanks to high sensitive obser¬ 
vation by Eermi Gamma-Ray Space Telescope/ Large 
Area Telescope (LAT), correlation study between 
optical and MeV/GeV gamma-ray bands has become 
available, but correlation between optical and X-ray 
bands is still unclear. 

Narrow-Line Seyfert l(NLSyl) is a subclass of Seyfert 
1 galaxies. Most of NLSyl is radio-quiet, but a few 
objects( 7%) are radio-loud. Recently, Eermi-LAT 
detected MeV/GeV gamma-ray emission from radio- 
loud NLSyl (RL-NLSyl) and now RL-NLSyl is a 
new class of gamma-ray emitting AGNs. Radio- 
loud NLSyl shows fast and strong variability like 
blazars. The most gamma-ray bright NLSyl PMN 
J0948+0022 showed minute-scale (mtical variability, 
correlated with polarization degree Q. This indicates 
that synchrotron emision from the jet is dominant 
in the optical band, but other study shows disk 
emission is also dominant in the optical band[l|. 
Hence emission mechanism in the optical band in 
RL-NLSyl is still unclear. 


Table I Target lists 


Radio galaxies 

3C 111 

3C 120 

3C 390.3 

NGC 1275 

Gamma-ray loud NLSyls 

PMN J0948+0022 

IH 0323+342 

Gamma-ray quiet NLSyls 

FBQS J1629+4007 

FBQS J1644+2619 

SDSS J1722+5654 

SDSS J1450+5919 


2. Observation 

We have performed optical monitor with the 
Kanata optical telescope. We use MAXI, Swift-BAT 
and Eermi-LAT public data for X-ray and gamma-ray 
monitor. 

We selected famous and X-ray bright objects for ra¬ 
dio galaxies. Eor RL-NLSyl, we selected gamma- 
ray loud objects and a few gamma-ray quiet objects. 
These gamma-ray quiet objects are reported to have 
a blazar-like radio structure and high brightness tem¬ 
perature by Komossa et al. (2006) [3 Doi et al. 
(2011)[6| and Doi et al. (2012)0. So if these gamma- 
ray quiet NLSyl has a relativistic jet, flares in the 
optical band are expected. 


3. Results 

Radio galaxies 

Fig [IHl] show the results for radio galaxies. Each figure 
show optical R-band(top), V-band(second) magnitude 
by Kanata, 2-20 keV daily X-ray count rate by MAXI 
(third), and 15-150 keV weekly count rate by Swift- 
BAT (bottom). The gaps in MAXI light curves are 
the period when objects are not in EOV of MAXI. 
There is no Swift-BAT public data for 3G 390.3. We 
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can see a clear flux variability in the optical band for 
3C 111 and 3C 120, but no object shows a significant 
X-ray flux variability. 

Gamma-ray loud NLSyls 

Fig [5] and [6] show the light curves of gamma-ray loud 
NLSyl. Each figure shows optical R-band (top), opti¬ 
cal R-band polarization degree (middle), and 0.1-300 
GeV gamma-ray (bottom). We can see some flares 
in optical and gamma-ray bands. Fig 0 and [8] show 
the correlation between optical flux and gamma-ray 
flux. We cannot see any clear correlation between 
these bands. 

Fig [9] and [10] show the correlation between flux and 
polarization degree (PD) in the optical band. In 
PMN J0948+0022, optical flux and PD are not corre¬ 
lated and maximum PD reaches more than 10%. IH 
0323+342 shows high optical PD when optical flux is 
high. But optical PD value is low in the whole period 
(less than 5%). 

Gamma-ray quiet NLSyls 
Fig [TTlfMl shows the results for gamma-ray quiet 
NLSyl. Each figure show optical R-band light curve 
(top) and V-band light curve (bottom). Only FBQS 
J1644+2619 shows daily-scale flux variability around 
MJD=56560. In this period, optical flux increases 
about 0.4 mag in 3 days both in R-band and V-band. 


4. Discussion 

No radio galaxies show a clear correlation between 
optical and X-ray bands. Probably this is due to low 
signal-to-noise ratio of X-ray light curves. We need 
more sensitive monitoring for X-ray study. 

For gamma-ray loud NLSyls, a jet-dominant phase 
or a disk-dominant phase is inferred to appear in 
addition to quiet phase. As shown in Fig [151 (1) 


quiescence, disk emission seems to be dominant in 
optical band. (2) Jet-dominant phase is suggested 
to appear as flares in both optical and gamma-ray 
with an increase of an optical polarization degree. (3) 
Disk-dominant phase is indicated to be a quiet phase 
or an optical flare without polarization increase. 
Optical polarization and variability time-scale are im¬ 
portant information to study emission mechanism in 
the optical band. Jet emission is polarized and shows 
a short-term variability. Further dense monitoring 
observations are needed to conclude the above. 

For gamma-ray quiet NLSyls, only FBQS 
J1644+2619 shows rapid flux variability. Previ¬ 
ous studies in the radio band for FBQS J1644+2619 
shows characteristics similar to blazars. Also, this 
object is listed in the 3rd FGL catalog as a new 
gamma-ray source. Optical short-term variability 
supports that this object shows a synchrotron emis¬ 
sion in the optical band during the flare, like Fig. [15] 

(2) jet-dominant phase. 
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Light curve of a radio galaxy 3C 111 


Figure 2: Light curve of a radio galaxy 3C 120 
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Figure 3: Light curve of a radio galaxy 3C 390.3 


Figure 4: Light curve of a radio galaxy NGC 1275 
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Figure 5: Light curve of a gamma-ray loud NLSyl PMN Figure 6: Light curve of a gamma-ray loud NLSyl IH 
J0948+0022 0323+342 


PMNJ0948+0022 optical flux-gamma-ray flux 



Figure 7: Correlation between optical flux and gamma-ray 
flux of PMN J0948+0022 


1H0323+342 optical flux-gamma-ray flux 
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Figure 8: Correlation between optical flux and gamma-ray 
flux of IH 0323+342 


PMN J0948+0022 optical flux vs polarization degree 



1H 0323+342 optical flux vs polarization degree 
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eConFi@i4!902Ibdrelation between optical flux and optical 
polarization degree of PMN J0948+0022 


Figure 10: Correlation between optical flux and optical 
polarization degree of IH 0323+342 
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Figure 11: Light curve of a gamma-ray quiet NLSyl 
FBQS J1629+4007 
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Figure 12: Light curve of a gamma-ray quiet NLSyl 
FBQS J1644+2619 
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Figure 13: Light curve of a gamma-ray quiet NLSyl SDSS 
J1722+5654 
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Figure 14: Light curve of a gamma-ray quiet NLSyl SDSS 
J1450+5919 


(t) quiescence (2) Jet-dominant (3) disk-dominant 



Figure 15: optical emission phases for RL-NLSyls 
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